Abstract. Despite the rising recognition and a growing body of literature on sustainability issues in the military, no comprehensive and systematic review on the topic has been published yet. Accordingly, the aim of this paper was to deconstruct the topic of sustainability in the military context by exploring its genesis, state-of-the-art knowledge and future prospects. Furthermore, the study addressed the question of practical importance about where sustainability in the military is ad hoc or institutionalized into management processes and procedures of organizations. The paper relied on the systematic literature review and used a bibliometric data analysis: citation network and keyword network analysis techniques were employed to select, analyse and interpret the genesis and prospects in the field.
Introduction
Sustainability is becoming a central discussion issue around the future planning of military training, operations and installations. An increasing demand for energy and public pressure to reduce emissions as well as improve recyclability raises a question of how to comply with sustainability requirements while enhancing military capabilities. This issue emphasises the need to understand the genesis of sustainability and at the same time to look at the prospects of its development.
Whenever sustainability issues in the military are discussed, in the first instance, sustainable energy consumption is emphasised. A long-term strategic view on sustainable energy consumption is becoming an integral part of military planning as energy initiatives are binned to the mission capabilities. In parallel to the growing comprehension on sustainable energy consumption, other environmental issues related to military activities are increasingly raising an interest of researchers and practitioners. The data provide evidence that the armed forces are one of the largest polluter on earth (Jorgenson and Clark 2016) . Soil contamination of the military bases, caused by military pipeline leaks, transport accidents, as well as the usage of chemical warfare agents raise concerns, especially when military ranges are returned to non-military entities (Pidlisnyuk et al. 2016; Jugnia et al. 2018 ).
Moreover, the military has an economic and social effect on local communities as military bases and their logistic network catalyse regional economic and social development. As for the military's role in counter-insurgency operations, it is directly related to job creation (Greenburg 2017) . Besides a positive economic effect, the military makes a less favourable impact on social sustainability. Bases and training areas reshape urban infrastructure and as documented in the study (Havlíček et al. 2018) , large military bases in the country affect the road network and in some cases cause physical as well as social and economic isolation of communities in remote areas.
Despite the rising recognition and growing body of literature on sustainability issues in the military, no comprehensive and systematic review of sustainability in the military has been published. Accordingly, the aim of this paper was to deconstruct the topic of sustainability in this context by exploring the genesis, state-of-the-art knowledge and future prospects. Furthermore, the study addressed the question of practical importance about where sustainability in the military is ad hoc or institutional (integrated into management processes and procedures of organizations).
The paper is divided into several parts. It starts with research methodology where the systematic literature review is explained as the main method of the study. It is illustrated with a research flow diagram and explicated using data statistics. The second part presents the bibliometric analysis and illustrates an increasing interest in the topic. The third and fourth parts of the paper present results from the bibliographical and content network analyses. Using these two different research methods citation and keyword networks are created. They represent the genesis of sustainability in the military research as well as a new trend in the field; moreover, results identify the fields where sustainability solutions are institutionalized at the organizational level in the military. The paper concludes debating possible future directions of sustainability in the military.
Research methodology and data statistics
A systematic literature analysis was chosen as a research method for this study as it uses a well-defined methodology that ensures unbiased evidence through collecting, analysing and interpreting secondary data (Budgen and Brereton 2006) . It also allows focusing on concepts, i.e. the study becomes concept-centric as opposed to a widespread and frequently criticized author-centric approach (Webster and Watson 2002) .
Systematic literature analysis is used in socioeconomic sciences and humanities, environment, ICT, health as well as other research fields. Regardless of the field, this method is characterized by several steps (Budgen and Brereton 2006; Ritz et al. 2016): (1) the analysis begins with a research question and is followed by a (2) review protocol that defines a strategy for data collection, (3) the analysis provides clear inclusion and exclusion criteria and, finally, (4) it is consistently described to allow replication of the results.
Research Questions. The research questions which should be answered in this analysis relate to the aim and are as follows: (1) To what extent is scientific literature interested in sustainability in the military? (2) Which field of study is most analysed in terms of sustainability in the military? (3) How are research fields connected and how do they change over time? (4) Does sustainability in the military form a comprehensive field of knowledge? (5) What are the fields where sustainability is integrated into the organizational management, i.e. sustainability is institutionalized?
Review Protocol. A review protocol (Fig.1) defines the steps that need to be taken to answer the research questions. In order to achieve reliable results it is important to select appropriate scientific databases for data extraction as well as have a search strategy that describes the requirements for data inclusion and exclusion.
Fig. 1. Review Protocol for Data Collection
Two main scientific databases were used for the study: Scopus and Web of Science -Clarivate Analytics (VoS). We performed a 2-cycle search in both databases using a review protocol. In the 1 st cycle we looked for articles on sustainability issues that were related to the military at large. In the 2 nd cycle, we focused only on those articles that were directly linked to the institutionalization of sustainability. The time frame was from 1978 to 2018 (41 years), but the first paper where the management perspective was introduced dates back to 2004 (Hoskin 2004) .
Data inclusion and exclusion. Data collection in the 1 st cycle was performed using a combination of keywords military or army and synonyms of the word sustainability. Thesaurus dictionaries such as www. collinsdictionary.com, www.powerthesaurus.org and www.thesaurus .com revealed the existence of synonyms of the word sustainability, namely -durability, renewability, coherence, coherency, cohesion, cohesiveness and endurance. We used the beginnings of the word sustainability and its synonyms in our search accordingly: sustain*, durab*, renewab*, social cohe*. Additionally, we excluded three most recurrent irrelevant keywords as species, clinic and habitat. 1,677 papers were found in total (in VoS N909 and in Scopus N768). The total number of papers decreased to 1,056 after deleting duplicates and reviewing them manually (Table 1) . In order to concentrate on institutionalization of sustainability, we filtered all search results and focused on the field of management (as a search keyword) during the 2 nd cycle of data extraction. As a result, the total number of papers decreased to 228 (Table 1 ). This extraction strategy allowed us to focus on general trends during the first stage and emphasise sustainability in the military management during the next stage.
To further analyse the data, the search results of Scopus and VoS were combined using CRExplorer. Bibliographical data analysis was performed using HistCite Software LLC and VosViewer 2018 was used for content analysis. In both cases we employed network analysis where authors of the publications and keywords symbolized as nodes. Each link between the nodes was weighed as they represented the number of co-occurrences in different articles. Statistical as well as visual analysis is provided below. Data cleaning for content analysis was performed using a thesaurus file. Thesaurus file was based on JEL Classification System 2016 and IEEE Thesaurus Version 1.0 2017. 
General trends in the field
To illustrate general trends and the increasing interest in sustainability in the military we produced a graph showing the numbers of publications by year. Although the number of publications is constantly growing, the dynamics are fluctuating ( fig.2 ). The period of 2003-2009 is marked by a constant growth of the research in the field. Taking into consideration all publications in the field, the first significant increase in the number of publications was seen in 2009 when the number of publications doubled. It was influenced by three main publications that have a high global index and are written by the same authors (Banks and Stytz 2003) . Further analysis of the trends highlights the year 2012 where publications in the field of human resource management had the highest global ranking (Bedwell et al. 2012) . Looking at the numbers of publications by year, it is evident that the interest in the field has increased dramatically over the last few years: the highest number was reached in the period of 2015-2017, when the annual number of publications exceeded 100 papers. The publications in the discipline of management remain on a more constant level with a more remarkable increase in 2014 when Green Defence Framework (2014) as a policy paper of NATO was published (Fig. 2) . The authors of publications represent 86 countries and demonstrate a cross-national interest in the topic. It is also worth mentioning that authors from English-speaking countries predominate and their publications amount to more than 70% of all publications (Tab. 2). To measure the growing interest in the field, we also analysed the trends in citation scoring of the respective publications. The period of 2007-2012 was notable for high-ranked publications (Fig.3) . While analysing publications in the discipline of management, the year 2012 was noteworthy.
Fig. 3. Trends in Total Global Citation Scoring of the Publications
As the field of sustainability is an interdisciplinary one, there is no dominating publisher for the papers we analysed. The journal Armed Forces & Society has 18 publications on sustainability issues, and thereby it is the main publisher in the field with the highest citation score (Tab.3). Publishers of publications on management are interdisciplinary scientific journals. 
Citation network analysis and leading theories in the field
To further analyse the genesis of knowledge on sustainability in the military, we employed the historiographical compilation and identified the most influential scientist in the field. At the same time the citation network using historiographs allowed us to answer one of the most challenging questions -if sustainability in the military can be considered as a comprehensive field of knowledge.
We selected 15 most cited papers and created a historiograph of sustainability in the military research literature (Fig.4) . The historiograph represents the total number of publications per year and interlinkages of most cited papers. 11 papers were merged into one cluster which means that articles starting with the publication by Oliver et al. (1999) and ending with the one by McLauchlin (2015) formed a solid body of knowledge. Four publications were left out from this core cluster; by analysing in depth they were leading in separate thematic areas (Fig.5) . Historiographical clustering revealed three groups of publications in the area of sustainable development (Fig.5 ). The largest cluster, which is highly homogeneous in terms of the scope, consists of publications dealing with social sustainability that focuses on social cohesion. The other two clusters are smaller and more evaporated: environmental issues are analysed from the perspective of life sciences while economic sustainability in the military is largely covered by research in political economy.
It is worth noting that only a small cluster of publications represents a "classical" approach to sustainability and directly addresses the environmental impact of military activities. The two leading publications in this cluster are led by the same authors - Sabatini et al. (2012a) (2012b) (Fig.5 No 496 and No 511) . They provide actual and environmentally conscious solutions as how to reduce the impact of chemicals used in the military lights (pyrotechnics). The majority of publications in this cluster focus on issues related to environmental pollution as the military is the biggest producer of greenhouse gas emissions. Based on the study by Bildirici (2018) , up to 51% of CO2 emissions is explained by militarization in some largest countries. Accordingly, authors propose engineering and management solutions that would optimize energy management systems and reduce fuel consumption (Anglani et al. 2017) . A range of research programmes is initiated to evaluate field conditions and technologies that may reduce contamination of soils and contribute to sustainable land use (Wang et al. 2013; Fayiga and Saha 2016; Jugnia et al. 2018) .
Sustainability in the military context is not only an issue, but also a strong stimulus for initiatives that foster efficiency. Military bases are perceived as small cities where sustainable planning approach is crucial (Hubbard et al. 2017 ) and a variety of managerial measures should be applied. Environmental management systems (EMS), life-cycle assessment (LCA), key performance indicators (KPIs), behavioral patterns of energy consumption, and other methods and tools are validated on the military bases and during their activities (Oglanis, A., Loizidou M. 2017; Tvaronaviciene et al. 2018) . Researchers (Procter et al. 2016 ; Allen and Deal 2017) investigated sustainability strategies and simulated urban metabolism by incorporating multiple areas related to sustainability issues in the military such as energy, water, and waste. Rao (2005) and other scientists employed the paradigm of environmental management and provided solutions for integrating sustainability issues into military missions. Wu et al. (2010) analysed how ISO 14001 Environmental Management System operates with respect to military activities and outlined a legislative framework and environmental policies that included measures for risk reduction, environmental awareness training as well as other management solutions. The number of publications, including their interdisciplinary nature, has increased over the recent years after the NATO's Green Defence Framework (2014) was adopted. They reflect the requirements of the framework and provide solutions for using less resources and enhancing sustainability. To conclude, the publications in the cluster transfer knowledge form fundamental research to military practice.
Economic pillar of sustainability in the military research was led by Jorgenson and Clark (2009) (Fig. 5 , No 344) who employed multiple theories within a political economy framework to analyse the interconnection between military expenditures and ecological footprint of nations. These authors continued their investigation for more than five years and concluded that even though military spending remains substantive, the complexity of military-industrial interrelationship has diminished, i.e. military's positive impact on the economic development has decreased substantially (Jorgenson and Clark 2016) . In contrary, hi-tech weaponry is turning the military into a capital-and knowledge-intensive industry. Contemporary military is no longer an employer for the uneducated and unskilled youth, thus causing significant concerns for those individuals and the society at large (Kentor et al. 2012 ). In addition, military expenditure exacerbates income inequality and increases the unemployment rate in low and middle income countries (Tang et al. 2009) . Recent research provides evidence on unsustainable social impact of military expenditures: hi-tech military expenditures have "a significant negative impact on the short-and long-term health outcomes of children and adults, in both developed and less-developed countries" (Kentor and Jorgenson 2017) which must be considered in terms of sustainable development.
The analysis of military redeployment for the missions abroad also showed negative economic consequences caused by unsustainable urban development. Kim (2017) analysed the third biggest US military base overseas and concluded that military base departures from South Korea produced a long-lasting negative effect as most sites remained empty and heavily contaminated, plagued by redevelopment issues. Base closures are perceived as "local economic shocks that can potentially devastate local economies, particularly in communities with a high concentration of military activity" (Lee 2016 ).
The social aspect of sustainability in the military research (the largest cluster) is dominated by health researchers, psychologist and sociologists. Researchers analyse how military operations affect human physical and mental health and what the cost of the traumatic war experience is for the military and the society at large. The dominant topic of research is social cohesion. The publication by Oliver et al.(1999) was the first in the field of medicine that investigated group cohesion in military units. Brailey et al. (2007) and Siebold (2007) followed this with their own publication where they empirically validated the effect of unit cohesion on human health. As for military psychologists, they confirmed the effect of cohesion on individual and group combat readiness (Griffith 2002) and motivation in combat (MacCoun et al. 2006) . Research in psychology and medicine connect for more in-depth results. Results showed that social cohesion makes a crucial impact not only on human health, but also on human life: as it was confirmed in the study by Mitchell et al. (2012) , combat exposure is a significant risk factor for suicide-related ideas, while unit cohesion provides significant protection against this, thus policy recommendations were provided that stressed institutional measures to strengthen unit cohesion. Social values of sustainability represent people-oriented approach and lead research on human health and capability (Smaliukienė et al. 2011; Kaikkonen and Laukkala 2016) as well as on group cohesion and resilience of social structures (Charbonneau and Wood 2018) .
Research on social sustainability in the military takes a unique paradigm and concentrates more on internal processes. In this way, social sustainability is about identifying and managing an impact on the personnel and on local communities which integrate military families and veterans. Social scientists analyse the same topic and present an innovative point of view on the phenomenon of cohesion that now interests non-military researchers. An interesting idea was presented by MacCoun et al. (2006) who divided cohesion in the military into social and task cohesion. Since then, the dual concept of cohesion has been widely used in research where social cohesion is seen as the strength of interpersonal bonds among unit's members and task cohesion is defined as a shared commitment to the unit's mission. It is proved that task-related cohesion is linked to satisfaction with work while social cohesion is inevitably associated with psychological distress and related to health issues (Ahronson and Cameron 2007) . Research reveals that social cohesion and task cohesion in the military are two separate phenomena. This idea is transferred to non-military research and, as pointed out by Kirton and Maclaren (2018) , the link between the performance in sustainable development and task cohesion as well as social cohesion is widely supported by literature.
Social sustainability in the military context is mainly perceived and analysed as a phenomenon of cohesion which, in turn, is understood as a positive incentive. Still, when the paradigm and methodology of other sciences are used, other insights are obtained. For instance, McLauchlin (2014; analysed cohesion of armed groups and concluded that it depends not only on positive incentives, but also on control. His study is a great example of how expanding the scope of the research presents new insights. However, this interdisciplinary approach does not fall into the middle of the research cluster and remains at its edge (see 677 and 787 in Fig. 4) .
The citation network analysis revealed that research on sustainability in the military is mainly carried out in the disciplines of medicine, psychology and sociology. This human-centric approach towards sustainability is disconnected with other disciplines. Meanwhile, environment-and economic-centred research papers create only small clusters in a large body of knowledge on sustainability in the military.
Thematic network analysis
We used keyword analysis to deliver the thematic network which provided a comprehensive understanding of how research areas are connected and how they change over time. Our findings using this analysis supported the results from the citation network analysis: keywords organized themselves into three clusters; however, the structure and size of the clusters were different. The biggest cluster ( fig. 6 ) tackles sustainability directly and is connected with keywords used in political sciences: war, security, politics, terrorism, democracy, etc. Keyword sustainability has high value measured by time of occurrence whereas keywords as conflict and war have high centrality values and are connected to form one large network. The cluster is enhanced with crossdisciplinary perspective in a rather surprising way: keywords human resource management and personnel training appear to be connected with politics and identity or democracy and conflict instead of organization and management.
The second cluster ( fig. 6 ) has no clearly explicit centre; nevertheless, it integrates the keywords from a wide range of disciplines: social sciences (keywords: organization and management, strategies) are interconnected with engineering (keywords: software engineering, energy) using cross-disciplinary keywords such as model, system, integration. The cluster represents thematic interconnections among articles on environmental sustainability where energy (renewable energy) is a new flagship. This cluster is explained by the changing nature of warfare and technological advancements of the military where dependency on energy plays a vital role.
The third cluster ( fig. 6 ) is dominated by military organization and gravitates around cohesion. As we already discussed when presenting the citation network analysis, cohesion represents social and human aspect of sustainability in the military research. Accordingly, the cluster consists of health related keywords such as mental health, stress as well as the ones related to social transactions -social support, leadership. Military in terms of sustainable development is seen not only as an actor in a macro-environment, but also as a stand-alone microsystem where internal processes need coherent approach.
Thematic network analysis disclosed the fields where sustainability in the military is institutionalized and management processes and procedures are proposed or established. As for the management discipline, the network presented an unexpected distribution of keywords. It can be seen that the keywords used in this discipline are scattered and non-related. For example, human resource management is in the cluster dominated by keywords of political sciences, and leadership is closer to the keywords of health sciences than to organization and management. Therefore, it can be concluded that when dealing with sustainability issues in the military management is used as a support methodology and not as a separate discipline. At the same time an intersection of the keywords of the management discipline discloses that sustainability is already institutionalized in the military organizations.
Fig. 6. Keywords Clustered by Co-occurrence of Terms in Publications
Through the comparative analysis of the network built over time we were able to detect some interesting patterns. Taking into account that the topic of sustainability issue in the military research has been evolving only since 2009, there are three emerging research areas worth mentioning. These areas are marked with the keywords from all three clusters. Health, management, renewable energy and militarization are the main keywords indicating new or emerging topics in the field ( fig. 7) . The newest trends indicate that sustainability is becoming a central concept while ancillary terms such as cohesion are disappearing from the research field. The publication by Hardcastle et al. (2015 Hardcastle et al. ( , 2015 illustrated this new pattern. The authors analysed medical treatment facilities in terms of safety and energy sustainability requirements. Similar evidence comes from the field of social sciences where the dominating keyword militarization is directly (usually in the negative or diverse context) linked to sustainability. As illustrated by Marzec (2015) , Dunlap (2016 Dunlap ( , 2016 or Jorgenson and Clark (2016) , military as an institution is important when considering any nation's sustainability and especially environmental issues. Authors using militarization and sustainability as keywords in their articles offer a comprehensive analysis of social drivers of sustainable development and at the same time give clear evidence that the topic of sustainability is becoming an interdisciplinary one. The centrality of sustainability as a node and its direct linkages with the newest keywords identify the interconnection of the topics in the field as well as indicate that in the future the body of knowledge on sustainability in the military may become more coherent. 
Conclusions
This study identifies a notable development of literature on sustainability issues in the military and displays an imbalanced structure of different research approaches. Human-centric approach towards sustainability is dominating compared to environmental and economic aspects. However, recent publications mark a new trend where all three aspects of sustainability are being integrated.
Our findings show that sustainability in the military is becoming an important paradigm in which a common body of knowledge as well as institutionalized practices are being developed. There are three dominating re-search streams in the field: (1) social cohesion, (2) environmentally sustainable solutions and (3) economic (un) sustainability of militarization. The first field is mainly represented by research in the field of health and social sciences. Social sustainability in the military context is perceived and analysed as a phenomenon of cohesion. Social cohesion is proved to be a strong 'remedy' for physical and mental health for intra-organizational communities. The topic takes a unique paradigm and concentrates on internal processes, at the same time it provides an innovative point of view on the phenomenon of cohesion that now has been fully analysed by non-military researchers. The research shows that social cohesion is most fully developed topic of sustainability in the military, yet it loses its relevance as health issues are becoming directly related to the broad concept of sustainability.
Environmentally sustainable solutions mark the second field of research on sustainability in the military. According to the number of publication, it is the least investigated topic. Nevertheless, research results on environmental sustainability in the military provide solutions for practical application. Military, as a big consumer of energy and a large polluter, demands diverse solutions as to how efficiency in resource consumption should be increased without sacrificing mission effectiveness. Accordingly, environmentally sustainable solutions found in life sciences and engineering are institutionalized into management systems in the military. In this area, a great integrity of science and practice is developing.
The third field of research focuses on economic (un)sustainability of militarization and is dominated by economic policy researchers. The research results provide evidence of the changing role of the military in terms of national economy. As hi-tech weaponry is making the military a capital-and knowledge-intensive industry, it is no longer an employer for the uneducated and unskilled youth, thus causing significant concerns for those individuals and the society at large. The research in the field of economic sustainability indicates that military expenditure exacerbates income inequality and calls for changes in the policy. The predominance of the paradigm of economic policy-making has created an isolated field of research on sustainability in the military. The newest articles in the field, however, already provide solutions that have an interdisciplinary perspective.
A small but significant share of publications indicates institutionalization of sustainability in the military procedures and operations. This is particularly evident in relation to environmental issues. The publications reflect these practices through case studies as well as provide results of environmental management system research. When dealing with sustainability issues in the military, management is used as a support methodology and not as a separate discipline.
To conclude, social sustainability is currently the dominant topic in the field of sustainability in the military. Nevertheless, the situation is changing as the topic of environmental sustainability is getting more and more attention. Environmental sustainability in the military integrates multidisciplinary approach and the isolation between research on environmental, economic and social sustainability is disappearing. We can predict that in the nearest future a comprehensive body of knowledge on sustainability in the military is going to be formed.
